INTRODUCTION
Sexual dimorphism in terms of body size and body structures used as weapons (e.g. chelipeds) varies considerably in organisms with separate sexes. In some species, males attain body sizes considerably larger than that of females and/or invest heavily in structures that might be used as armament (e.g. in Phocidae seals, males are 3.56 times larger than females in the southern elephant seal Mirounga leonina: Lindenfors, Tullberg & Biuw, 2002 ; in Charadrii birds, males are 1.5 times larger than females in Chalidris melanotos : Szekely, Reynolds & Figuerola, 2000) . Other species display no (e.g. Phocidae seals: males are the same size than females in Phoca caspica: Weckerly, 1998) or reduced sexual dimorphism (Homo sapiens; Richmond & Jungers, 1995) . Even in other species sexual dimorphism is reverse (e.g. in Phocidae seals, males are 0.68 times smaller than females in the Hawaiian monk seal Monachus schauinslandi: Weckerly, 1998; in Charadrii birds, males are 0.85 times smaller than females in Chalidris canutus: Szekely et al., 2000) . Furthermore, one of the most extreme cases of reverse sexual dimorphism is that of the banana spider Nephila pilipes, in which the body length of adult females is more 12 times greater than that of the adult males (Robinson & Robinson, 1973) . Explaining the direction and extent of sexual dimorphism both in terms of body size and weapons is one of the most relevant yet still not completely understood problems in evolutionary ecology (Clutton-Brock, 2007) .
Conditions assumed to drive sexual dimorphism both in terms of body size and weapons include fecundity selection in females (Andersson, 1994; Huber, 2005) and sexual selection in males (Emlen & Oring, 1977; Shuster & Wade, 2003) . Among the latter, male-male competition is considered most relevant in driving differences between the sexes. All else being equal, when male sexual competition for sexual partners is intense and when monopolization of receptive females occurs via overt aggression, males are expected to attain larger body sizes than females and invest considerably in body structures use as weapons (Darwin, 1871; Andersson, 1994; Shuster & Wade, 2003; Baeza & Thiel, 2007) . In males of these species, increasing investments to body size and weaponry augments their resource holding potential (sensu Parker, 1974a) and, thus, their opportunities to access and defend receptive females from other male competitors (Shuster & Wade, 2003; Baeza & Thiel, 2007) . In turn, reverse sexual dimorphism in body size and no or reduced weaponry in males are expected in species in which males compete for females using exploitation tactics; males do not interact agonistically with other males but continuously search for females in an attempt to inseminate as many as possible in the shortest time period (Shuster & Wade, 2003; Bauer, 2004; Baeza & Thiel, 2007; athough, for exceptions, see Lawrence 1992; Andrade, 1996) . In this scenario, intrasexual selection favours a small body size and no weaponry because this leads to an increase in agility and in the encounter rate of males with potential mating partners (Shuster & Wade, 2003; Bauer, 2004; Baeza & Thiel, 2007) . Lastly, no or reduced sexual dimorphism in body size and weaponry is expected in species in which the environment restricts any form of competition (e.g. interference and exploitation) among males for receptive females (Baeza & Thiel, 2007) .
Although male sexual competition is considered an important evolutionary force driving sexual dimorphism in body size and weaponry, comparative studies on this topic are relatively rare (e.g. in various mammalian orders: Clutton-Brock, Harvey & Rudder, 1977; Weckerly, 1998 ; in various bird families: Szekely et al., 2000; in Anolis lizards: Carothers, 1984; Butler & Losos, 2002; Lailvaux & Irschick, 2007; in spiders: Huber, 2005) . Furthermore, most of these studies have been conducted in terrestrial and marine vertebrates but only rarely in marine invertebrates. The scarcity of these studies in marine organisms holds true even for crustaceans, a species-rich group of invertebrates in which the diversity (but not the causes) of sexual dimorphism is well documented (e.g. isopods: Shuster, 1986; Shuster & Wade, 1991; crabs: Christy, 1983 ; caridean shrimps: Bauer & Abdalla, 2001; Baeza, 2007) . Research in marine invertebrates (e.g. crustaceans) is warranted because it provides opportunities to test predictions fundamental to sexual selection theory and insights on the universality of male sexual competition in shaping sex-specific differences in morphology.
In marine crustaceans, crabs from the family Porcellanidae (porcelain crabs) represent ideal subjects to explore the effect of male sexual competition on the direction and extent of sexual dimorphism because of their recognized anatomical, ecological, and behavioural diversity (Haig, 1960; Baeza, 2007) . Among them, adults of Petrolisthes spinifrons typically occur as solitary individuals on the sea anemones Phymactis papillosa and Phymanthea pluvia in the rocky intertidal of the southeastern Pacific (Baeza, Thiel & Stotz, 2001) . Territoriality explains the solitary habit of this species; adult crabs use agonistic behaviours to fiercely defend 'their' sea anemones against conspecific intruders from the two sexes (Baeza et al., 2001) . Protection against visual predation, as achieved by homochromy with their hosts, appears to be one of the main benefits obtained by crabs when dwelling on anemones (Stuardo, 1962; Viviani, 1969) . In addition, crabs use anemones as a vantage point for suspension-feeding and consume mucus and feces from hosts (Valdivia & Stotz, 2006) . Thus, the high value of these anemones together with their low abundance, small body size (relative to crabs), and low structural complexity favours territoriality in this species (Baeza & Thiel, 2003) . Importantly, because of their solitary habit, males are forced to (and do) switch among host individuals in search of sexual partners (Zander, Valdivia & Thiel, 2002) . However, the frequency with which males shift among hosts appears to be constrained by the risk of predation that increases substantially for crabs when off hosts (Viviani, 1969; Werlinger, 1989; Baeza & Stotz, 1995 , Thiel et al., 2003 . Adult females become receptive only during a short period of time immediately after molting and copulation does not last long, as indicated by the extremely low frequency of receptive females sharing their host anemones with mature males (Baeza et al., 2001; Baeza & Thiel, 2003) . Furthermore, the absence of a correlation between the body size of males and females comprising these rare MALE COMPETITION AND SEXUAL DIMORPHISM 549 heterosexual pairs implies strong constraints on malemale competition (Baeza, 1999; Baeza & Thiel, 2007) . Overall, the mating system of P. spinifrons is characterized by low opportunity for male-male competition.
By contrast to that reported for P. spinifrons, the sympatric congeneric crab Petrolisthes mitra occurs as aggregations (up to 25 individuals) in the morphologically complex and abundant sea urchin Tetrapygus niger (Baeza & Thiel, 2000) . These groups are comprised of crabs of the two sexes and all life stages (Baeza & Thiel, 2000) . Similar to P. spinifrons and other urchin-dwelling crabs (Reeves & Brooks, 2001) , P. mitra seek protection from predation on their urchin hosts. However, host high abundance and large host body size together with considerable host structural complexity does not favour territoriality in this species (Baeza & Thiel, 2003) . Males and females move freely and frequently within and among neighbor urchins so that the groups of P. mitra on individual hosts are continuously reshuffled (Zander, 2000) . Adult males move more intensively than females among urchins. However, male crabs reduce their activity when a receptive female is present in the same host (Zander, 2000) . Male crabs follow a mating strategy based on 'search and interception' of females (sensu Christy, 1987) . However, mate guarding (sensu Parker, 1974b ) is also part of the male mating repertoire. Once a receptive female is found, males protect 'their' females from competitors, utilizing their chelipeds and legs so that females become 'caged' before, during, and for some unknown period of time after insemination (J. A. Baeza, person. observ.). Importantly, males securing (embracing) recently molted (receptive) females in the field are the largest compared to other adult males in the surroundings (J. A. Baeza, person. observ.). Overall, the mating system of P. mitra is characterized by frequent and intense male sexual competition and large males appear to have a mating advantage over smaller males for female monopolization (Baeza & Thiel, 2000; Zander, 2000; J. A. Baeza, person. observ.) .
Considering the mating system of the two species above, we predict differences in the extent of sexual dimorphism between these two closely-related crabs. In the urchin-dwelling P. mitra, we expect males to have a larger body and larger weaponry (cheliped) than females. Considerable sexual dimorphism in this species should occur because large males have a mating advantage over smaller males for the monopolization of receptive females (Baeza & Thiel, 2000; Zander, 2000) . In turn, in the anemone-dwelling crab P. spinifrons, we do not expect sexual dimorphism in terms of body size and weaponry because males rarely compete for receptive females (Baeza et al., 2001; Baeza & Thiel, 2003) . Nonetheless, weapons (chelipeds) should be well developed both in males and females of P. spinifrons because of their importance in determining the winner during agonistic interactions for monopolization of their scarce anemone hosts.
The present study aimed to explore the role of male sexual competition and intraspecific competition for hosts in explaining differences in sexual dimorphism, in terms of body size and weaponry, using two closely-related species of marine crabs as model system.
MATERIAL AND METHODS

MODEL SPECIES AND THEIR PHYLOGENETIC STATUS
Although originally placed within the genus Petrolisthes, Haig (1960) erected the genera Liopetrolisthes and Allopetrolisthes to contain the two species investigated in the present study: P. mitra and P. spinifrons, respectively. However, recent molecular phylogenetic analyses suggest that the genera Liopetrolisthes and Allopetrolisthes are not natural entities and that the two species studied here actually pertain to the genus Petrolisthes (Stillman & Reeb, 2001; Baeza, 2007; J. A. Baeza, person. data) . Therefore, we treat them as Petrolisthes in the present study.
COLLECTION OF PORCELAIN CRABS
Individuals of the porcelain crabs P. spinifrons and P. mitra were collected by hand from several rocky intertidal sites near Coquimbo (29°57′S, 71°21′W) and El Temblador (29°28′S, 71°18′W) from January to December 1996 and from March 2009 to January 2010. Sampling of crabs usually took place during the lowest tides of each month. During collections, we focused on retrieving all crabs observed in the field, including the largest and smallest individuals, to ensure that there was no bias towards any specific body size range or either of the two sexes. Collected crabs were placed in a large plastic container and transported alive inside buckets to the wet laboratories of the Universidad Católica del Norte, Coquimbo, Chile.
In the laboratory, the carapace width (CW, mm) and/or carapace length (CL, mm) and the length of the left and right cheliped (QL) of all crabs from the two species were measured with a caliper (precision = 0.01 mm). Also, the sex of each crab was determined based on the male gonopore (located at the coxae of the fifth pair of walking legs in males but not in females) and pleopods (long and setose in females and modified as gonopods in males).
Differences in colour pattern were observed in P. mitra (samples from 1996) but not in P. spinifrons. We explored whether or not the frequency of occurrence of the different colour patterns varied with body size in males of P. mitra in an attempt to provide support for the existence of two male ontogenetic phases in this species (see Results). In other crustaceans with two or more ontogenetic (growth) phases, each phase can be distinguished from the other by body coloration (Kuris et al., 1987) . In the present study, we classified P. mitra crabs as pertaining to one out of three different colour patterns: (1) dark brown; both carapace and legs are dark brown with a broad yellowish longitudinal stripe on the carapace; (2) pink; both carapace and legs have marbles and stripes in blue and reddish colour; and (3) pink-brown; carapace as in the dark brown colour type but legs as in the pink colour type (Haig, 1960; Urbina-Weber, 1991) .
SEXUAL DIMORPHISM IN PORCELAIN CRABS
We tested whether the two studied species exhibited sexual dimorphism in body size by comparing the average body size of male and female conspecifics using a t-test or Kruskal-Wallis test depending on whether or not the variances between the compared data sets were homogenous.
In porcelain crabs from the family Porcellanidae, including species from the genus Petrolisthes, the first pair of thoracic appendages bears large chelipeds (Fig. 1C, D ) that serve as weapons during intrasexual interactions (Molenock, 1975; Baeza, Stotz & Thiel, 2002) . We examined whether the cheliped increased linearly with body size in males and females of the two studied crab species. The relationship between the length of the propodus of the largest cheliped (see Results) and body size of crabs, estimated as carapace width (in mm), was examined using the allometric model: y = ax b (Hartnoll, 1978 (Hartnoll, , 1982 . The slope b of the log-log least-squares linear regression represents the rate of exponential increase (b > 1) or decrease (b < 1) of the cheliped with a unit of increase in body size of crabs. To determine whether the relationship deviates from linearity, a t-test was used to examine whether the estimated slope b deviates from the expected slope of unity (SAS Institute, 2004) . If the cheliped grows more or less than proportionally with a unit increase in body size of crabs, then the slope should be greater or smaller than the unity, respectively (Hartnoll, 1978) .
In males of P. mitra, visual examination of the relationship between carapace width and cheliped length suggested the existence of more than one ontogenetic (growth) phase as reported before for other crustaceans. We determined whether or not it was possible to statistically differentiate crabs into different ontogenetic phases in accordance with a protocol modified from Sampedro et al. (1999) , GonzalezGurriaran & Freire (1994) and Corgos & Freire (2006) . First, we used maximum likelihood hierarchical clustering analysis with the variables carapace width and cheliped length to reveal any possible segregation among males that would objectively suggest distinctive ontogenetic phases. For this purpose, we used PROC CLUSTER and the option ML in SAS, version 9.1 (SAS Institute, 2004) . Next, in the case that this first analysis did segregate males into different categories (clades), we used a bivariate linear discriminant analysis to cross-validate our findings. This discriminant analysis permits crossvalidation of our results because it works assigning individuals to a specific growth phase that, in this case, was first suggested by visual examination of the data and then was objectively distinguished by hierarchical clustering analysis (Sampedro et al., 1999) . During the analysis, individuals are assigned to different groups in terms of a reference variable (i.e. CW) and another morphometric variable (i.e. cheliped length). For this purpose, we used PROC DISCRIM in SAS (SAS Institute, 2004) . If the analyses above indicated the existence of different growth phases in males of P. mitra, then we additionally performed a different regression analysis for each group identified to obtain a slope.
RESULTS
Sexual dimorphism with respect to body size differed between the two species (Fig. 1) . In P. spinifrons, the carapace length of male and female crabs varied, respectively, between 3.25 and 18.6 mm (mean ± SD; 10.12 ± 3.19) and between 3.0 and 17.7 mm (10.01 ± 3.07). Significant differences in CL between the sexes were not detected [t-test (variances were homogeneous); t 1,595 = 0.46, P = 0.6469], indicating the absence of sexual dimorphism with respect to body size in P. spinifrons. By contrast, significant differences in CL between the sexes were detected in P. mitra [Kruskal-Wallis test (variances were heterogeneous); K-W = 394289, N = 837 and 893 for males and females, Table 1 . Measurements are in mm. The relationship between cheliped and body size in males and females of P. spinifrons and P. mitra when the different measurements are scaled relative to the carapace width of the largest crab in our sample are shown in (C) and (D), respectively. The typical colour pattern of P. spinifrons and the brown colour pattern of P. mitra are also shown. White and black dots denote males and females, respectively. respectively, P = 0.0476]. On average, males were larger than females. The carapace length of male and female crabs of P. mitra varied, respectively, between 1.2 and 10.6 mm (mean ± SD; 5.23 ± 2.03) and between 1.5 and 8.4 mm (4.87 ± 1.24).
Heterochely was observed in crabs regardless of their species and sex; one of the chelipeds was invariably larger than the second in the pair. In P. spinifrons, the largest of the chelipeds was observed on the right side of the body 58.23% of the time in males (46 out of 79 individuals examined for heterochely) and 53.04% of the time in females (61 out of 115 individuals). These frequencies did not differ significantly from an expected random distribution of 1 : 1 both in males and females (binomial test, P = 0.1611 for males and P = 0.5459 for females). In P. mitra, the largest of the chelipeds was observed on the right side of the body 71.7% of the time in males (38 out of 53 individuals) and 52.9% of the time in females (36 out of 68 individuals). These frequencies differed significantly from an expected random distribution of 1 : 1 in males but not in females (binomial test, P = 0.0012 for males and P = 0.5875 for females).
In the two studied species, a positive correlation between body size and the length of the propodus of the major cheliped was detected for crabs of both sexes (P < 0.001 in all cases; Fig. 2 ). However, the major cheliped differed with respect to the status and/or degree of allometry depending on the species and sex of the crabs.
In P. spinifrons, the largest cheliped presented positive allometry both in males and females; the slope of the relationship between crab body size and largest cheliped size was significantly greater than unity (Fig. 2, Table 1 ). Importantly, cheliped length was slightly but significantly greater in males than in females at any given size [analysis of covariance (ANCOVA), effect of sex: F = 17.79, d.f. = 1, 120, P < 0.0001] and cheliped relative growth was more pronounced in males than in females (Sex ¥ CW interaction: F = 51.03, d.f. = 1, 120, P < 0.0001) (Fig. 2 , Table 1 ).
In P. mitra, the major cheliped presented positive allometry both in males and females. The major cheliped was larger in males than in females at any given size (ANCOVA, effect of sex: F = 14.93, d.f. = 1, 193, P = 0.0002). Also, cheliped relative growth was greater in adult males than in adult females (Sex ¥ CW interaction: F = 38.02, d.f. = 1, 193, P < 0.0001) (Fig. 2 , Table 1 ).
Sexual dimorphism with respect to cheliped size was much more pronounced in P. mitra than in P. spinifrons (Fig. 2) . This difference between species becomes evident when the carapace width and major cheliped length of each crab is scaled relative to the body size of the largest crab observed in each species. In P. spinifrons, the length of the major cheliped of the largest males and females were approximately 1.6 and 1.2 times the width of their own carapace (D = 0.4). In P. mitra, the length of the major cheliped of the largest males and females in our sample were approximately 1.2 and 0.6 times the width of their own carapace (D = 0.6) (Fig. 2) . A second comparison similar to that above demonstrates that adult males and females of P. spinifrons invested more to chelipeds than adult males and females of P. mitra (Fig. 2) . This is indicated by the value of the quotient between cheliped length and carapace width that was greater in P. spinifrons than in P. mitra when sex is taken into account (males: 1.6 in P. spinifrons versus 1.2 in P. mitra; females: 1.2 in P. spinifrons versus 0.6 in P. mitra) (Fig. 2) .
In P. mitra, visual examination of the relationship between carapace width and major cheliped length In males of P. mitra, the allometric analysis was also conducted separately for the two different ontogenetic stages [first and second ontogenetic phase (OP)] revealed by clustering and discriminant analyses. The regression equations, coefficients of determination, standard errors of the slopes (SEs), and the allometric status (+ = positive allometry) of each studied variable are shown (y and x = length of the merus of the major cheliped and carapace width, respectively).
suggested the existence of more than one ontogenetic growth phase in males but not in females (Fig. 2) . Maximum likelihood clustering analysis segregated male crabs into two distinctive well supported clades (Fig. 3A) . A first clade comprised relatively small males with a body size in the range 3.9-7.7 mm CW (CI in Fig. 3A) . The second clade comprised the largest crabs in our collection, with a body size in the range 7.9-9.4 mm CW (CII in Fig. 3A) . Thus, this hierarchical clustering analysis supported with a high likelihood the existence of two ontogenetic phases in males of P. mitra, referred to here as the first ontogenetic male stage (probably immature juvenile crabs plus young adults) and the second ontogenetic stage (probably old adult males) (Fig. 3) . Discriminant analysis cross-validated our finding, with all but one of the males being correctly assigned to one of the two ontogenetic stages previously recognized by hierarchical clustering analysis (one of the largest males in our sample have a cheliped much smaller than expected, was considered an outlier, and was not included in the stage-specific analysis of allometry; see below). The carapace width at which males change from the first growth phase to the old adult phase was approximately 8.0 mm CW. In general, in males of P. mitra, the level of allometry of the major cheliped increased with size and/or age, with crabs pertaining to the first ontogenetic phase undergoing an allometric growth of the major cheliped less pronounced than that of the larger and older adult males pertaining to the second ontogenetic phase (Fig. 3B , Table 1 ). Concomitantly with differences in relative growth of the major cheliped, the two ontogenetic growth phases detected in the present study in males of P. mitra can be distinguished by the frequency with which crabs assumed different colour patterns. Most frequently, male crabs smaller than approximately 8.0 mm CL featured a dark-brown coloration (Fig. 1) . In only a few occasions, a pink or pink-brown coloration was observed in these small crabs. In turn, crabs Figure 3 . Different male morphotypes in Petrolithes mitra. A, two distinctive well supported clades obtained with the maximum likelihood clustering analysis. The analysis segregate male crabs into two major groups comprised of males below and above 7.8 mm CW. B, the two slopes describing the relationship between major claw and carapace width in males from the two different ontogenetic phases (clades) previously determined using clustering analysis. Black and white dots denote males from the first and second ontogenetic phase, respectively. The circled dot represents an outlier that was not considered when the slope of the relationship between major claw and carapace width was calculated for crabs pertaining to the second ontogenetic phase. C, pink colour pattern observed most frequently in male crabs of the second ontogenetic stage. D, the frequency of occurrence of the three colour patterns observed in individuals of different size classes. above 8.0 mm CL (second ontogenetic phase) display a pink colour pattern with more frequency than that observed in male crabs smaller than approximately 8.0 mm CL (Fig. 3C, D) .
DISCUSSION
In the present study, differences in the extent of male sexual competition were expected to drive differences in sexual dimorphism between two closely-related species of porcelain crabs. Supporting this prediction, in the urchin-dwelling crab Petrolisthes mitra, in which male sexual competition is recurrent, sexual dimorphism was considerable, in terms of body size and weaponry (chelipeds), whereas, in the anemonedwelling crab P. spinifrons, in which male sexual competition is trivial, sexual dimorphism in terms of body size was not detected and differences in cheliped relative size were modest. The relationship established in the present study between the extent of male-male competition and sexual dimorphism in porcelain crabs supports the notion that intrasexual selection is most relevant in shaping differences in morphology between the sexes.
Importantly, processes other than male-male competition that can drive the observed differences in sexual dimorphism between the studied crabs cannot be discarded. For example, female mate choice is predicted to favour large body size in males if male body size conveys honest information to receptive females regarding their genetic quality ('good genes'; Hunt et al., 2004) . Similarly, if male body size represents a reliable trait that correlates well with the quality/quantity of resources that females can attain from male mating partners, females are expected to choose large males, and such a preference should favour large body size in males (Shuster & Wade, 2003) . Thus, if female mate choice is more relevant in P. mitra than in P. spinifrons, we expect considerable sexual dimorphism in terms of body size in the former but not the latter species. Importantly, the same conditions that limit male-male competition are also expected to diminish the extent of female mate choice in P. spinifrons. In this anemone-dwelling crab, high predation risk when off sea anemones is expected to decrease encounter rates among conspecifics, and thus to reduce not only the level of male-male competition, but also female mate choice (Baeza & Thiel, 2007) . By contrast to what happens with P. spinifrons, the host characteristics of P. mitra does not limit competition among males for receptive females and also provides ample opportunities for females to behave in manners that allow them to choose male mating partners of 'high quality' (e.g. large body size). We argue in favour of new integrative studies exploring the effect of different sexual selection components (e.g. pre-and post-copula male-male competition, pre-and post-copula female mate choice) in explaining differences in sexual dimorphism in the studied species.
Sexual dimorphism is substantial in the urchindwelling crab Petrolisthes mitra but is limited in the anemone-dwelling crab P. spinfrons. In the present study, we also predicted considerable allocation to weaponry (chelipeds) both in males and females of the anemone-dwelling P. spinifrons (but no or minimal sexual dimorphism) because of their importance in determining the winner during agonistic interactions for monopolization of their scarce anemone hosts. In agreement with this hypothesis, investment to chelipeds was considerable in P. spinifrons and greater than that observed in the urchindwelling P. mitra. It should pay for both males and females of P. spinifrons to invest heavily in armament because it increases resource holding potential and the chances of monopolizing host individuals via overt aggression. By contrast, in P. mitra, natural selection (but not sexual selection) both in males and females for large body sizes and fighting structures (major claws) might be relaxed because of the low intensity of intraspecific competition for abundant hosts (Baeza & Thiel, 2003) . Theory predicts that resource (host) scarcity, host small size (relative to that of the symbionts), and host low structural complexity increase host-resource value and favour host monopolization by symbiotic crustaceans (Baeza & Thiel, 2003) . Previous studies on the host use pattern of the two studied species agree with the theoretical considerations above. Petrolisthes spinifrons, a species that inhabits relatively small, structurally simple, and scarce hosts is territorial; both males and females guard their host individuals against conspecific intruders from the two sexes (Baeza et al., 2002) . In turn, host monopolization behaviours do not occur in P. mitra, which dwells as dense aggregations on the structurally complex, relatively large and naturally abundant sea urchin T. niger (Baeza & Thiel, 2000) . In general, the relationship established in the present study between host abundance, intensity of intraspecific competition for hosts, and development of weaponry in porcelain crabs provides empirical support for a resourcemonopolization theory that predicts the evolution of weapons and territorial strategies when resources are scarce and/or inexpensive to guard (in terms of energy and time) (Caldwell & Dingle, 1975; Baeza & Thiel, 2003; Emlen, 2008) .
In addition to differences in sexual dimorphism in body size and allocation to weaponry, another important difference between the studied species is the existence of two distinctive ontogenetic phases in males of P. mitra but not in males of P. spinifrons. The MALE COMPETITION AND SEXUAL DIMORPHISM 555 two different ontogenetic phases (morphs) in P. mitra can be distinguished from one another by the frequency with which individuals assume different colour patterns and on the basis of cheliped relative size and its allometric status. To the best of our knowledge, this is the first time that more than one male morphotype is reported in the family Porcellanidae. Species with more than one male morphotype are known in several other clades of marine crustaceans [isopods: Paracerceis sculpta: Shuster & Wade, 2003 ; amphipods: Leucothoides potsii: Thomas & Barnard, 1983 ; shrimps: Macrobrachium rosenbergii: Kuris et al., 1987; spider (Majoidea) crabs: Maja squinado and Chionoecetes opilio: Sainte-Marie, Raymond & Brêthes, 1995; Sampedro et al., 1999; squatlobsters: Munida rugosa: Claverie & Smith, 2009] . Invariably, alternative mating strategies has been demonstrated for every species of crustacean with two or more male morphs and in which reproductive strategies have been studied (e.g. P. sculpta: Shuster & Wade, 2003; M. rosenbergii: Ra'anan & Sagi, 1985) . It remains to be addressed whether or not the different male morphs of P. mitra herein detected feature alternative mating strategies. Importantly, sexual selection theory also predicts that intense male sexual competition favours alternative reproductive tactics in males (Andersson, 1994) . The different male morphotypes observed in P. mitra but not in P. spinifrons (with strong and weak male-male competition, respectively) also supports the above notion.
OUTLOOK
It has been shown that sexual dimorphism differs substantially between two closely-related species of porcelain crabs. Our observations fit well with sexual selection theory that predicts the evolution of sexual dimorphism in species with separate sexes (Shuster & Wade, 2003; Bauer, 2004; Baeza & Thiel, 2007) . Nonetheless, alternative mechanisms explaining such differences are plausible and remain to be explored (e.g. female mate choice). Other symbiotic crabs from the family Porcellanidae, including species from the genera Clastocoechus, Minyocerus, Neopetrolisthes, Petrolisthes, Porcellana, and Polyonyx, among others, inhabit hosts (e.g. corals, sea stars, polychaetes, hermit crabs) with differing biology and ecology (Haig, 1960 (Haig, , 1965 Baeza, 2007) . Because of the differing ecology of the host species, crabs in this family are expected to display dissimilar mating systems and patterns of sexual dimorphism. Crabs from the family Porcellanidae might be used as model systems to study the importance of environmental conditions (e.g. host traits) in shaping the sex-specific morphology and reproductive behaviour in marine invertebrates.
